Alpha rhythm (8 to 12 Hz) observed in EEG over human posterior cortex is prominent during eyes-closed (EC) resting and attenuates during eyes-open (EO) resting. Research shows that the degree of EC-to-EO alpha blocking or alpha desynchronization, termed alpha reactivity here, is a neural marker of cognitive health. We tested the role of acetylcholine in EC-to-EO alpha reactivity by applying a multimodal neuroimaging approach to a cohort of young adults and a cohort of older adults. In the young cohort, simultaneous EEG-fMRI was recorded from twenty-one young adults during both EO and EC resting. In the older cohort, functional MRI was recorded from forty older adults during EO and EC resting, along with FLAIR and diffusion MRI. For a subset of twenty older adults, EEG was recorded during EO and EC resting in a separate session. In both young and older adults, functional connectivity between the basal nucleus of Meynert (BNM), the major source of cortical acetylcholine, and the visual cortex increased from EC to EO, and this connectivity increase was positively associated with alpha reactivity; namely, the stronger the BNM-visual cortex functional connectivity increase from EC to EO, the larger the EC-to-EO alpha desynchronization. In older adults, lesions of the fiber tracts linking BNM and visual cortex quantified by leukoaraiosis volume, associated with reduced alpha reactivity. These findings support a role of acetylcholine and particularly cholinergic pathways in mediating EC-to-EO alpha reactivity and suggest that impaired alpha reactivity could serve as a marker of the integrity of the cholinergic system.
. In fact, in older adults, it has been shown that reduced alpha reactivity may serve as a possible marker for the onset of Alzheimer's disease (McBride et al., 2014) .
Thus, understanding the neural substrate of alpha reactivity has both basic and clinical neuroscience significance.
As a neurotransmitter that plays a significant role in cortical activation and arousal, researchers have extensively studied the anatomy and function of acetylcholine (ACh) in animal models (Detari & Vanderwolf, 1987; Metherate, Cox, & Ashe, 1992) . Human EEG work has further found that ACh modulates alpha activity (Feige et al., 2005) .
To what extent ACh contributes to EC-to-EO alpha reactivity has not been systematically investigated. Past research on ACh in humans has mainly relied on observing the effects of cholinergic drugs (Bauer et al., 2012; Meador et al., 1989; Silver, Shenhav, & D'Esposito, 2008) .
However, the effects of cholinergic drugs are systemic, not limited to the brain, and their administration can have adverse effects, especially in older individuals (Mintzer & Burns, 2000; Rudolph, Salow, Angelini, & McGlinchey, 2008) .
Recent neuroimaging studies have made an alternative nonperturbative approach viable by providing a stereotaxic probabilistic map of the basal nucleus of Meynert (Zaborszky et al., 2008) . Anatomically, the basal nucleus of Meynert (BNM), lying anterior to the thalamus and basal ganglia, contains the cell bodies of neurons that provide cholinergic innervation of the cerebral cortex (Mufson, Ginsberg, Ikonomovic, & DeKosky, 2003; Raghanti et al., 2011; Whitehouse et al., 1982; Zaborszky et al., 2015; Zaborszky, van den Pol, & Gyengesi, 2012) . Neuronal activities in BNM have been associated with memory formation (Richardson & DeLong, 1988) , attention (Muir, Page, Sirinathsinghji, Robbins, & Everitt, 1993; Voytko et al., 1994) , and the regulation of arousal and sleep (Thiele, 2009; Wenk, 1997) . A recent empirical study indicated that BNM activation is important for improving sensory processing by increasing reliability and decreasing redundancy in the cortex and thalamus (Goard & Dan, 2009) . In this study, we used the functional connectivity between BNM and cortex, in lieu of cholinergic drugs, to test the role of ACh and associated cholinergic pathways in alpha reactivity in young and older adults.
Cholinergic axons linking BNM and cortex are mostly unmyelinated (Selden, Gitelman, Salamon-Murayama, Parrish, & Mesulam, 1998) and thus more vulnerable to aging-related vascular changes in the brain. These fibers pass through areas near the anterior corpus callosum and the frontal horns of the ventricles where pathological changes of white matter, known as leukoaraiosis or LA, are common, particularly among older adults (Hachinski, Potter, & Merskey, 1987; Pantoni & Garcia, 1997) . Specifically, LA occurs in 15-65% of adults (Breteler et al., 1994; Schmidt, Fazekas, Kapeller, Schmidt, & Hartung, 1999; Ylikoski et al., 1993) , with a three-fold increase in older relative to younger adults (Hogervorst, Ribeiro, Molyneux, Budge, & Smith, 2002) , and has been associated with such age-related disorders as Alzheimer's disease and small vessel dementia (Price et al., 2012 (Price et al., , 2015 .
We used LA along the cholinergic axons as naturally occurring lesions to further test the role of BNM and ACh projections in modulating EC-to-EO alpha reactivity.
Two cohorts of participants were recruited for this study. In both the cohort of young adults and the cohort of older cognitively well adults, EEG and fMRI data were acquired during eyes-closed and eyes-open resting state. Diffusion MRI and FLAIR MRI were further acquired from the older participants to assess fiber integrity and the extent of LA load. We investigated the neural substrate of alpha reactivity by (1) examining how BNM-cortex functional connectivity is related to alpha reactivity and (2) assessing the effects of LA severity within the cholinergic fiber system on alpha reactivity.
| MATERIALS AND METHODS
Two datasets were acquired and analyzed here: one from young adults and the other from older adults. They were henceforth referred to as the "Young Dataset" and the "Old Dataset," respectively. Below we describe each dataset in detail.
| Participants and experimental design 2.1.1 | Young dataset
The experimental protocol and data acquisition procedure were approved by the Institutional Review Board of the University of Florida (UF IRB). Twenty-one healthy college students (7 females; mean age: 20.5 AE 2.93) with normal or corrected-to-normal vision gave written informed consent and participated in the study in exchange for course credit.
The experiment consisted of two resting-state simultaneous EEGfMRI sessions each lasting 7 min. During one session, participants were instructed to remain still, stay awake, not to think any systematic thoughts, and keep eyes closed. During the other session, they were told to keep eyes open and fixate the cross at the center of an MRcompatible monitor, with other instructions remaining the same. The order of the two sessions was randomized across participants (Mo, Liu, Huang, & Ding, 2013) .
| Old dataset
Participants were recruited from a separate federally-funded and UF IRB-approved investigation involving non-demented cognitively well individuals and a prospective neuroimaging protocol involving structural and functional imaging sequences. The inclusion/exclusion criteria were: (1) aged 60 or older, (2) English as the primary language, (Barber & Stott, 2004) . Additional exclusion criteria included: a history of head trauma/ neurodegenerative illness, documented learning or seizure disorder, less than a sixth grade education, substance abuse in the last year, major cardiac disease, chronic medical illness known to induce encephalopathy, implantable device precluding an MRI, and an unwillingness to complete the MRI.
Two neuropsychologists reviewed cognitive data and confirmed that test scores met the expected ranges for non-demented individuals.
Forty participants signed the written informed consent form and participated in the study. See Table 1 for their demographic information. All 40 participants underwent structural, diffusion and functional MRI. A subset of 20 individuals completed additional scalp EEG recording with EC and EO conditions. One participant was excluded due to later identification of a lacune in the caudate nucleus. Demographic information for the final 19 participants can be found in Table 2 .
The experiment consisted of separate MRI and EEG recording sessions. Eyes-closed functional MRI were recorded for 7.5 min, during which participants were instructed to remain still, stay awake, and avoid any systematic thoughts. From two runs of n-back task-fMRI, we were able to extract 2-min of eyes-open resting state fMRI, according to previously published procedures (Fair et al., 2007) . In a separate EEG recording session, the participants underwent 2 sessions slice thickness: 3.50 mm; voxel size: 3.5 × 3.5 × 3.5 mm). A T1-weighted high resolution structural image was obtained for each participant after the two resting-state sessions (Mo et al., 2013) .
EEG acquisition
EEG data were recorded simultaneously with fMRI using a 32-channel MR-compatible EEG system (Brain Products GmbH, Germany). Thirtyone sintered Ag/AgCl electrodes were placed according to the 10-20 system and one additional electrode was placed on the participant's upper back to monitor electrocardiogram (ECG). ECG was used subsequently to aid the removal of the cardioballistic artifact. The impedance from all scalp channels was kept below 10 kΩ during the entire recording session as recommended by the manufacturer. The online band-pass filter had cutoff frequencies at 0.1 and 250 Hz. The filtered EEG signal was then sampled at 5 kHz, digitized to 16 bit, and transferred to the recording computer via a fiber-optic cable. The EEG recording system was synchronized with the scanner's internal clock throughout the recording session. The synchronization, together with the high sampling rate, was essential to ensure successful removal of the gradient artifact (Mo et al., 2013) .
| Old dataset

MRI acquisition
Functional MRI, diffusion MRI, isovoxel 3D T1 images, and T2 FLAIR images were acquired from all 40 participants on a Siemens MAGNE-TOM Verio 3 T whole-body MRI scanner with an 8-channel head coil.
For eyes-closed resting state scan, 7.5 min of fMRI were recorded using a single-shot EPI sequence with the following parameters: field of view = 224 mm × 224 mm, matrix size = 64 × 64, TR = 2 s, TE = 30 ms, flip angle = 90 , slice thickness = 3.5 mm, 225 scans, and each volume consisting of 36 axial slices. Two runs of 7.5 min taskfMRI were recorded using the same sequence during which participants performed an n-back working memory task (see Supporting
Information Figure S2 of the supplementary materials for an illustration of the task design). The n-back task followed a block design consisting of 0-back blocks and 2-back blocks presented in random order.
There were four 0-back blocks and four 2-back blocks. Twenty seconds of resting blocks were presented between two neighboring task blocks. Six resting state blocks, with a total duration of 2 min, were concatenated as eyes-open resting state fMRI recordings (Fair et al., 2007) . To minimize the impact of task-evoked responses on the resting state data, the first two volumes at the beginning of each resting state blocks were excluded, and the first two volumes of the following task block were included and assumed to be resting state. images of 176 sagittal slices were acquired using a Fluid Attenuated Inversion Recovery (FLAIR) sequence with following parameters: repetition time range across scans = 6,000 ms, echo time = 395 ms, and inversion time = 2,100 ms. 2.3 | Data preprocessing
EEG acquisition
Two sources of artifacts are specifically associated with EEG data acquired inside an MRI scanner: gradient and cardioballistic artifacts.
The gradient artifact was removed by subtracting an average artifact template from the EEG data as implemented in Brain Vision Analyzer 2.0 (Brain Products GmbH). The gradient artifact template was constructed by using a sliding-window approach which involved averaging the EEG signal across 41 consecutive volumes. The cardioballistic artifact was removed by an average artifact subtraction method proposed by (Allen, Polizzi, Krakow, Fish, & Lemieux, 1998) . In this method, the R peaks were detected in the ECG recordings in a semiautomatic way and then utilized to construct a delayed average artifact template over 21 consecutive heartbeat events. The cardioballistic artifact was then removed by subtracting the average artifact templates from the EEG data. After these two steps, the EEG data were then bandpass filtered between 0.5 and 50 Hz, down-sampled to 250 Hz, and re-referenced to the average reference. The MR-corrected EEG data were then exported to EEGLAB (Delorme & Makeig, 2004) to correct for eyeblinking, residual cardioballistic, and movement-related artifacts using ICA algorithms. Artifacts-corrected data were epoched into 1-s epochs and subjected to spectral analysis (see below).
FMRI data
Functional MRI images, including eyes-closed and eyes-open resting state fMRI, were preprocessed according to the following steps. The first five functional scans of each session were discarded to eliminate the transient effects. The remaining fMRI images were preprocessed using SPM (http://www.fil.ion.ucl.ac.uk/spm/) which included the following steps: slice timing, motion correction, normalization to the Montreal Neurological Institute (MNI) template, and re-sampling of the functional images into a voxel size of 3 × 3 × 3 mm 3 (Friston et al., 1995) . Normalized images were spatially-smoothed by using a 7 mm full width at halfmaximum (FWHM) isotropic Gaussian kernel. Resting-state fMRI time series were then extracted from voxels within a gray matter brain mask after regressing out nine nuisance signals, including 6 movement variables and 3 averaged signals representing white matter, cerebral spinal fluid, and whole brain. These BOLD time series were then bandpass filtered between 0.01 and 0.1 Hz with a finite impulse response (FIR) filter. For each participant, a motion censoring procedure, called "motion scrubbing" (Power, Barnes, Snyder, Schlaggar, & Petersen, 2012) , was applied on the filtered BOLD signals to reduce the effects of transient movements on functional connectivity.
| Old dataset
EEG data
Scalp EEG data preprocessing was performed off-line using BESA (http://www.besa.de/), EEGLAB (Delorme & Makeig, 2004 ) and custom scripts written in MATLAB. The protocol was similar to that of the young adults following MRI artifacts correction. Specifically, the original continuous data were bandpassed between 0.5 and 50 Hz, down-sampled to 250 Hz, and epoched to 1-s epochs. Artifacts including eye movements and eye blinks, temporal muscle activity and line noise were removed from data epochs using ICA algorithms implemented in EEGLAB. Epochs with residual artifacts and with EEG activities exceeding 75 μV in any of the 128 scalp channels were excluded from further analysis. The remaining artifact-corrected signals were re-referenced to the average reference and subjected to spectral analysis (see below).
FMRI data
Functional MRI images were analyzed using the same protocol as the young adults (see above). 
Diffusion image
| Power spectral analysis of EEG data
The scalp EEG voltage data from three occipital channels (O1, O2, and Oz) were employed for spectral power analysis (Mo et al., 2013; Strijkstra, Beersma, Drayer, Halbesma, & Daan, 2003) . Within each condition (EO vs. EC), the power spectral density (PSD) of the occipital channels for each subject was estimated by applying the periodogram method to 1 s epochs of EEG data within the condition. For each occipital channel, Fourier transform was performed on the data from each epoch, and the amplitude was squared and averaged across all the epochs to yield PSD for that channel. Single channel PSD obtained this way was then averaged across the three occipital channels to yield the PSD for each subject within EC or EO condition. From each subject's PSD, alpha power was computed as the power within the frequency band of 8-12 Hz and alpha reactivity from EC to EO was defined as follows:
Alpha reactivity ¼ EC alpha power− EO alpha power EC alpha power
According to this definition, the larger the alpha reactivity, the more the EC-to-EO alpha power decrease from EC to EO.
| FMRI functional connectivity analysis
The basal nucleus of Meynert (BNM) is a major source of cortical ACh (Johnston, McKinney,, & Coyle, 1981; Rye, Wainer, Mesulam, Mufson, & Saper, 1984) . To compute BNM-seeded functional connectivity, the BNM region of interest (ROI) was created based on a stereotaxic probability map of magnocellular cell groups in the basal forebrain, defined in the standard MNI space (Li et al., 2014; Zaborszky et al., 2008) . 
| Measurement of Leukoaraiosis and fiber tracking
Leukoaraiosis (LA) is white-matter lesion prevalent in older adults and believed to have a role in disrupted neuronal communications (Bohnen & Albin, 2011 Taking the basal nucleus of Meynert (BNM) as seed ROI (Li et al., 2014; Zaborszky et al., 2008) 3 | RESULTS
| Young Dataset
| Alpha reactivity
Occipital EEG traces were shown for both eyes-closed and eyes-open conditions in Figure 1a for one typical participant. At the group level, the average power spectra from the occipital channels were shown in Figure 1b , where the average alpha power under the eyes-closed condition is significantly higher than that under the eyes-open condition (p < .001). These results demonstrated the well-established alpha blocking or alpha desynchronization phenomenon initially described by Berger (Berger, 1933; Moosmann et al., 2003) .
| BNM-cortex functional connectivity
The BNM ROI was shown in Figure 2a 
| Linking alpha reactivity and BNM-cortex functional connectivity
We examined the relationship between the EC-to-EO alpha reactivity and the EC-to-EO BNM-visual functional connectivity change. The correlation, shown in Figure 2c , is statistically significant (r = −0.389, p = .041) according to a one-tailed test (Bauer et al., 2012; Bauml, Hanslmayr, Pastotter, & Klimesch, 2008 ). The negative relationship suggests that the stronger the BNM-to-visual functional connectivity increase from EC to EO, the larger the EC-to-EO alpha reactivity.
| Old Dataset 3.2.1 | Alpha reactivity
The power spectra averaged across participants were shown in 
| BNM-cortex functional connectivity
The BNM-cortex functional connectivity maps were subjected to a paired Figure 4b shows that the BNM-visual functional connectivity difference was negatively correlated with the BNM-ACC functional connectivity difference (r = −0.466, p = .044). Namely, the more the BNM-visual functional connectivity increased from EC to EO, the more BNM-ACC functional connectivity decreased from EC to EO.
| Linking alpha reactivity with BNM-cortex functional connectivity
Consistent with the Young Dataset, the EC-to-EO BNM-visual functional connectivity difference was negatively correlated with alpha 
| Alpha reactivity and leukoaraiosis (LA)
Fiber tracts linking BNM and the visual ROI were shown in Figure 5a for a typical participant. Figure 5b shows the fiber tracts linking BNM and ACC from the same participant. The LA volume along the BNMvisual fiber tracts for each participant was calculated, and was found to be negatively correlated with alpha reactivity, as shown in Figure 5c (r = −.459, p = .048); namely, the higher the LA load, the weaker the alpha reactivity. The LA volume along the BNM-ACC fiber tracts was moderately correlated with alpha reactivity (Figure 5d ; r = −0.444, p = .057). It was worth noting that the sum of LA volume along the BNM-visual and BNM-ACC fiber tracts was more correlated with alpha reactivity than the LA volume along each of the two tracts alone (Figure 5e ; r = −0.491, p = .033). To test the robustness of the results, we further analyzed the data using the robust regression method (Rousseeuw & Leroy, 2005) , and found that the three correlations in Figure 5c ,e became slightly weaker: BNM-visual LA versus alpha reactivity (r = −0.433, p = .064), BNM-ACC LA versus alpha reactivity (r = −0.411, p = .080), and LA along both tracts versus alpha reactivity (r = −0.461, p = .047).
| DISCUSSION
Alpha power decrease from EC to EO is known as alpha blocking or alpha desynchronization. As indicated earlier, understanding the neural basis of this highly robust EEG phenomenon has both basic and clinical neuroscience significance. Defining alpha reactivity as the degree of alpha power decrease from EC to EO, we tested the role of acetylcholine (ACh), especially BNM and ACh pathways, in alpha blocking using a multimodal neuroimaging approach. Analyzing EEG and MRI data from a cohort of young adults and a cohort of cognitively well older adults we reported two main findings. First, BNM connectivity to visual cortex was increased from EC to EO, and this increase was positively associated with alpha reactivity in both young and older adults, namely, the stronger the BNM-visual functional connectivity increase from EC to EO, the larger the alpha power decreased from EC to EO (i.e., larger alpha reactivity). Second, in older adults, LA load along BNM-visual cortex white matter fiber tracts negatively associated with alpha reactivity, namely, the higher the LA load along the BNM-visual fiber tracts, the smaller the alpha reactivity.
EEG desynchronization signifies cortical activation and behavioral arousal (Jasper & Carmichael, 1935) . From eyes-closed resting to eyes-open resting, EEG undergoes such activation/desynchronization transition. A possible role of acetylcholine in modulating EC to EO differences in EEG was initially suggested in animal studies. in vivo microdialysis in rats shows that the presentation of sensory stimuli increased acetylcholine release in both the hippocampus and cortex, which is consistent with a role of acetylcholine in arousal and attention (Inglis & Fibiger, 1995) . Anatomically, the basal nucleus of Meynert (BNM) of the basal forebrain is the primary source of cortical ACh (Johnston et al., 1981; Rye et al., 1984) . A number of studies indicate a relationship between BNM activity, ACh, and arousal. The discharge rate of BNM neurons is reported to vary with the degree of EEG activation: greater BNM activity is associated with more EEG activation (Buzsaki et al., 1988; Detari & Vanderwolf, 1987 (Belardetti, Borgia, & Mancia, 1977; Casamenti, Deffenu, Abbamondi, & Pepeu, 1986; Metherate & Ashe, 1991) . To what extent these results generalize to humans is what we addressed in this study.
Direct perturbation of the brain's cholinergic system in humans is difficult. Past work has used cholinergic drugs to manipulate the level of acetylcholine (Bauer et al., 2012; Meador et al., 1989; Silver et al., 2008) . However, cholinergic drugs have systemic effects that are not limited to the brain; moreover, these drugs can have adverse effects, particularly in the older population. Numerous neuroimaging studies have suggested functional connectivity analysis based on resting-state fMRI data as a useful alternative to characterize the role of a brain region such as BNM (Biswal, Zerrin Yetkin, Haughton, & Hyde, 1995; Fair et al., 2007; Fox & Raichle, 2007) . Assuming that the role of acetylcholine in EO and EC alpha reactivity can be inferred from such an analysis applied to EO and EC resting state fMRI and EEG data, we found that, in both the Young and Old Datasets, the BNM and visual cortex were more functionally connected during eyes-open relative to eyes-closed resting states. We interpreted this functional connectivity change as indicative of increased projection of acetylcholine from the BNM to visual cortex from EC to EO. If our interpretation is accurate, namely, cortical activation associated with EO is mediated by increased activity of cholinergic neurons that project their outputs to the visual cortex, then our results are broadly in line with the animal studies cited above (Inglis & Fibiger, 1995) . In addition, relevant for the main topic of this study, the BNM-visual cortex functional connectivity increase from EC to EO predicted alpha reactivity from EC to EO in both datasets, thereby demonstrating a role of BNM and associated cholinergic pathways in alpha reactivity.
Leukoaraiosis (LA) is a naturally occurring lesion prevalent in the white matter of older adults and is often attributed to changes within the supportive smaller arterioles supplying the white matter (Longstreth et al., 1996; Pantoni & Garcia, 1995) . Our finding that the higher the LA load along the BNM-visual cortex fiber tracts, the less the alpha reactivity suggests that disrupting neuronal transmissions from BNM to visual cortex can lead to reduced alpha reactivity in older participants. (It is worth noting that this effect is quite specific in that there was no significant correlation between the whole brain LA volume and alpha reactivity [r = −0.348, p = .144] ). This result provides causal evidence that ACh pathways, and indirectly ACh itself, play a vital role in modulating EC-to-EO alpha reactivity. The clinical relevance of these findings lies in that previous studies suggest that loss of neurons in the basal forebrain provides a pathological substrate for the cholinergic deficiency in patients with Alzheimer's disease (Whitehouse et al., 1982) , and a high percentage of AD patients show evidence of increased LA and lower alpha reactivity comparing to normal controls (Brown, Moody, Thore, & Challa, 2000; Moretti et al., 2004) .
One notable difference between young and older cohorts is that in the older cohort BNM-ACC functional connectivity, which manifested as negative correlations, was different between EC and EO; it became more negative in EO than in EC, and the difference has an apparently positive but statistically insignificant correlation with alpha reactivity. In the young cohort, no BNM-ACC functional connectivity difference between EC and EO resting states was observed. Attempting to explain this observation, we note that in a non-human primate study, it has been suggested that anterior cingulate cortex was a critical region in cholinergic modulation, exerting inhibitory cholinergic influence via m2 cholinergic receptors (Medalla & Barbas, 2012) .
There is further evidence that BNM inhibits frontal cortex via GABAergic projections (Ballinger, Ananth, Talmage, & Role, 2016) . We speculate that the negative BNM-ACC correlation may stem partly from the mutual inhibition between ACC and BNM (Chen, Chen, Xie, & Li, 2011; Goelman, Gordon, & Bonne, 2014 ). Aging's role in cortical acetylcholine has been studied in rodent models (Sarter & Bruno, 1998) . Compared with young rats, the activity of cortical choline acetyltransferase (ChAT), an important marker of cortical acetylcholine, was found to be significantly decreased in ACC in aged rats (Biegon, Greenberger, & Segal, 1986 (Laufs et al., 2003) and posterior alpha power difference between EC and EO during resting state was negatively correlated with hemodynamic responses and inter-regional functional connectivity in ACC (Wu, Eichele, & Calhoun, 2010; Yu, Shi, Han, Gao, & Dan, 2016) .
This study has limitations. First, the two datasets analyzed here were derived from separate investigations and recruitment procedures. This may have introduced bias into the participant selection process. Second, procedurally, the young adults underwent an EEGfMRI simultaneous recording, but not diffusion recording, while the older adults had diffusion recording, but separate EEG and fMRI sessions. This may have introduced bias in the data acquisition process. knowledge in this area, which is partly attributable to our lack of the ability to directly manipulate pertinent variables in noninvasive human imaging. Future work utilizing animal preparations in addition to human subjects will be essential to validate and substantiate the findings reported here.
| CONCLUSION
This study demonstrated a role of BNM, cholinergic pathways and indirectly ACh itself, in modulating a salient aspect of resting-state alpha oscillations, namely, its EC-to-EO reactivity. Instead of systemically manipulating the level of ACh using pharmacological means, as has been done in past studies, we utilized the recently published mask for BNM and indexed the impact of cholinergic activation using BNMcortex functional connectivity and naturally occurring lesions along cholinergic tracts. In both young and older adults, BNM-visual functional connectivity was shown to be increased from EC to EO, and this increase predicted alpha reactivity. Lesion data in older adults further provide causal evidence supporting a role of BNM and cholinergic pathways in modulating alpha reactivity.
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